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This paper presents a modified version of the Ranking of Alternatives with
Weights of Criterion (RAWEC) method, improved by the application of
Fermatean fuzzy (FF) numbers, with the aim of solving decision-making
problems under conditions of uncertainty. As a contribution to the field of

multi-criteria decision making (MCDM), the FF-RAWEC method offers a solid
mathematical foundation and shows flexibility through different decision
scenarios—when the criteria are of benefit, cost, or mixed type. Numerical
examples illustrate the practical application of the method, while sensitivity
analysis confirms its stability. In addition, the comparative analysis shows a
high correlation of ranks with other methods, which further confirms the
validity and reliability of the proposed method. FF-RAWEC successfully
integrates the advantages of FF logic, making it suitable for solving real-world
problems involving imprecise or subjective information. Its adaptability and
consistency indicate great potential for further application and development
in engineering and social decision-making contexts.

Keywords:
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1. Introduction

Multi-criteria decision-making (MCDM) is an approach used to select the best alternative in
situations where decisions are made based on multiple, often conflicting, criteria. These methods are
applied in a number of fields such as banking sector [1], military [2, 3], defense industry [4],
engineering [5], performance management [6], automotive industry [7, 8], economics [9], logistics
[10], etc. All MCDM methods share the common goal of structuring complex problems and enabling
rational comparisons of alternatives, but they differ in their approach: some rely on valuation, others
on comparison, utility, preference modeling, or optimization [11]. One of the younger methods for
determining the optimal alternative is the Ranking of Alternatives with Weights of Criterion (RAWEC)
method. This method was introduced in 2024 [12] and so far it has found its application in numerous
research. In the first publication of this paper [12], the authors investigated the optimal location
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selection for agricultural distribution centers, which significantly affects the growth of the agricultural
industry and regional development. Using this method, the authors analyzed the Brcko District in
Bosnia and Herzegovina as a potential location. The results showed that the RAWEC method is simple
and reliable for ranking alternatives, with consistent and stable results. Subsequently, Trung et al.
[13] published a paper in which the research focuses on addressing the limitations of the RAWEC
method, especially when there is at least one zero element in the decision matrix and proposes an
alternative normalization method that is suitable for such situations. Diindar [14] focuses his research
on the prioritization of rural development programs coordinated by the Agriculture and Rural
Development Support Agency in Turkey, using the Defining Interrelationships Between Ranked
Criteria (DIBR) method to determine the weight of criteria. The RAWEC method was used to rank the
effectiveness of seventeen rural development programs implemented during the Instrument for Pre-
Accession Assistance Rural Development-Il period. In addition to the use of the crisp method, it is
also enhanced by various theories that treat uncertainty well. The improvement of the method with
Fuzzy theory has been demonstrated in various fields. Nedeljkovi¢ et al. [15] in this paper, analyze
the choice of cabbage sales channels using the fuzzy set approach with the Method based on the
Removal Effects of Criteria (MEREC) and RAWEC methods. The fuzzy set approach enables the
evaluation of qualitative criteria based on the linguistic values of experts, while the RAWEC method
shows that online sales give the best results. The integration of MEREC and RAWEC methods enabled
the precise ranking of different sales channels, confirming the effectiveness of these methods in
MCDM. The authors in this paper [16] investigate the effectiveness of fuzzy multi-criteria decision-
making methods, especially Fuzzy Weight by Envelope and Slope (F-WENSLO) and F-RAWEC, for the
evaluation of potential locations for wind farms. An evaluation of five sites in the province of Sivas in
Turkey showed that Ulas and Kangal are the most suitable for the installation of wind farms due to
favorable wind conditions, altitude and social acceptance. The study emphasizes the importance of
integrating multiple criteria and expert judgments in the decision-making process, confirming that
fuzzy methods can effectively support the selection of sites for wind farms. Puska et al. [17]
investigate the selection of electric tractors using MCDM methods, especially the Fuzzy-Rough (FR)
methodology. Using the FR Simple Weight Calculation (SIWEC) method, maintenance was found to
be the most important criterion, while the FR RAWEC method showed that the Solectrac e25 is the
most suitable tractor for small farms in the Semberija region, Bosnia and Herzegovina. The study
emphasizes the importance of using electric tractors to reduce environmental pollution and the
development of an improved FR methodology for the harmonization of expert assessments. The
application of the neutrosophic approach to the RAWEC method is presented in [18]. In this paper,
the authors investigate the selection of materials for the construction of drone wings. The Single
Value Triangular Neutrosophic Sets (SVTNSs)-Logarithm Methodology of Additive Weights (LMAW)
method for calculating criteria weights and the SVTNSs-RAWEC method for ranking alternatives are
presented, which eliminate the need for pairwise comparisons and save time. Research has shown
that these methods effectively support material selection in conditions of uncertainty, confirming
their stability and reliability through sensitivity analysis. Since the RAWEC method has not yet been
improved using Fermatean Fuzzy numbers, an additional gap arises for this research.

The paper presents a modified RAWEC method that has been improved using Fermatean fuzzy
numbers, for which a mathematical basis is given, with the necessary computational operations.
After describing the FF-RAWEC method, numerical examples are given and the method is tested with
intuitive initial decision matrices, in situations when: 1) all criteria are of the Benefit type; 2) all
criteria are of the Cost type; and 3) the criteria are of both the Benefit and Cost types. For the purpose
of validation, an analysis of the sensitivity of the output results to changes in the weights of the
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criteria was performed, as well as a Comparative Analysis, i.e. a comparison of the results of the FF-
RAWEC method with the results of other methods from other research.

2. Fermatean Fuzzy RAWEC (FF-RAWEC) method
In order to successfully modify the RAWEC method and implement Fermatean fuzzy numbers in
the method, it was necessary to conduct several phases of research, shown in Figure 1.

*Validation of the FF-RAWEC
method, through:

«Sensitivity Analysis
«Comparative Analysis

Phase 3

/
/ Phase 2

*Modification of
RAWEC method and
improvement with
Fermatean fuzzy
numbers Phase 1 _—

*Detailed mtroductlon to the RAWEC method
eLiterature analysis regarding modifications and
improvements to the RAWEC method
*An in-depth introduction to Fermatean fuzzy {
numbers /

y -

Fig. 1. Research algorithm

In order to improve this method using Fermatean Fuzzy numbers, it is necessary to know their
basics and computational operations with these numbers. According to Senapati and Yager [19], the

Fermatean fuzzy number (FFA(z)=(aA(z),ﬂA(z))) can be represented as, where,(z) represents the
degree of belonging and B,(z)the degree of non-belonging of element z to set A and where ,(z) and
B.(2) have values from 0 to 1, with the condition that 0<a,(2)’ +,(2)’ <1. The number can be
represented more simply as FFA=(a,,$3,). The score function of the Fermatean fuzzy number is
calculated using Eq. (1), the accuracy function is calculated using Eqg. (2) and the indeterminacy
degree using Eq. (3):

score(A)=a,’ - B, (1)
acc(A)=a,’ + (2)

m,=31-a’-p; (3)

Let FFA=(a,,B,) and FFB=(a,,f,)be two Fermatean fuzzy numbers. In order to rank the
Fermatean fuzzy numbers, the following rules must be observed [19]:
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score(FF A) < score(FFB) > A<B
score(FF A) > score(FFB) > A>B
score(FF A) = score(FF B) = acc(FFA) <acc(FFB) > A<B (4)
acc(FF A) > acc(FFB) > A>B
acc(FFA) =acc(FFB) > A=B
Basic calculation operations, necessary for the application of Fermatean fuzzy numbers, are given
in the following text, according to [19, 20], Egs. (5)-(10):

FFA+FFB= (ijaj ra; —aAaasa'ﬁAﬂs) ©

a’-a B All

FEA—FFB=| 3="——,~F | a, 2 g, f, <ming fy, ==
FEgfrmesncniitt
FFAXFFB= (aAaB,i/ﬁf +By = BBy ) 7

o ﬂ3— 3 aH

FFA/FFB=|—%,3~—=, | & a, <minja,,——* 1, B, >
/ ” 3 . 83 a, mm{aB HB }ﬁA ﬂB (8)
,uXFFA:(3 1—(1—aA)ﬂ,,5'A“) 7
/_-FAﬂz(aA”’3 1—(1_,3,4)#) (10)

Respecting the RAWEC method algorithm [12] and the previously mentioned properties and
calculation operations of Fermatean fuzzy numbers, and in accordance with [19, 20], the Fermatean
fuzzy RAWEC method (FF-RAWEC) was developed, with the following steps:

Step 1 — Formation of the initial decision matrix IDM =[FFx, ] where FFx; represents the

Fermatean fuzzy element of the initial decision matrix, i.e. the evaluation value of each alternative
A =i=(12,..m), according to each criterion C,=j=(1,2,..n). In the case that several experts
E,=>e=(1,2,..p) evaluated alternatives, in order to aggregate and obtain a unique initial decision

matrix, one of the Fermatean fuzzy operators can be used, and we recommend the use of the
Fermatean fuzzy weighted power geometric (FFWPG) operator, Eq. (11):

FFWPG{d[l_ﬁu_axes,weJ,aJ[l_ﬁu_ﬂXfMj]
e=1 e=1 (11)

Step 2 — Formation of fermatean fuzzy normalized initial decision matrix niom =[FFy,] , where

mxi

double normalization is performed as follows:
FF 1, = FFx, =(aX,_ B, ) FF, =FF X, =( B, .a, ) for Benefit criteria
(12)

FFn, =FF X, =(ﬂxv 0y ),FF;]'U. =FFx; :(O’XV By, ),fOrCostcriteria (13)

Step 3 — Calculation of Fermatean fuzzy matrix deviation A =[FFs,] , in relation to the weight

coefficients of the criteria (w,), Eqgs. (14)-(15):
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FFo, = 3 w,-(1-FFn;
S, (1-Fn) ”

FF&, :anwj (1-FFn'))
i1 (15)
Step 4 — Calculation of the values of the method ((;), using Egs. (1) and (16):
Qi :5Iij _é‘ij (16)
After obtaining the value of the method, the ranking of alternatives is performed, in such a way
that the higher value has priority in the final ranking.

3. Method testing
In order to test the method, three scenarios were formed, which have in common that five criteria
C,=(c1,€2,..c5)and four alternatives A =(A1,A2,...A4) were identified, and all criteria have equal value

w, =(wl,w2,..w5)=0.2, with the following properties:

Scenario 1 - All criteria are of Benefit type, and the values of alternatives according to each
criterion are ordered from the largest (A1) to the smallest (A4), i.e. the fermatean fuzzy initial decison
matrix IDM-1 is presented in Table 1:

Table 1
Fermatean fuzzy initial decision matrix IDM-1
Alternative/Criteria C1 C2 C3 Cc4 C5
Criteria type Benefit Benefit Benefit Benefit Benefit
Al (0.9,0.1) (0.9,0.1) (0.9,0.1) (0.9,0.1) (0.9,0.1)
A2 (0.7,0.3) (0.7,0.3) (0.7,0.3) (0.7,0.3) (0.7,0.3)
A3 (0.3,0.7) (0.3,0.7) (0.3,0.7) (0.3,0.7) (0.3,0.7)
A4 (0.1,0.9) (0.1,0.9) (0.1,0.9) (0.1,0.9) (0.1,0.9)

Scenario 2 - All criteria are of Cost type, and the values of alternatives according to each criterion
are ordered from the smallest (A1) to the largest (A4), i.e. the IDM-2 is presented in Table 2:

Table 2
Fermatean fuzzy initial decision matrix IDM-2
Alternative/Criteria C1 C2 Cc3 c4 C5
Criteria type Cost Cost Cost Cost Cost

Al (0.1,0.9) (0.1,0.9) (0.1,0.9) (0.1,0.9) (0.1,0.9)
A2 (0.3,0.7) (0.3,0.7) (0.3,0.7) (0.3,0.7) (0.3,0.7)
A3 (0.7,0.3) (0.7,0.3) (0.7,0.3) (0.7,0.3) (0.7,0.3)
A4 (0.9,0.1) (0.9,0.1) (0.9,0.1) (0.9,0.1) (0.9,0.1)

Scenario 3 — Criteria C1 and C3 are Cost type, while the others are Benefit, and the values of
alternatives according to each criterion are ordered in such a way that with the Benefit criteria, the
alternatives are rated from the largest (A1) to the smallest (A4), while with the Cost criteria, the
alternatives are rated from the smallest (A1) to the largest (A4), i.e. the IDM-3 is presented in Table
3:
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Table 3
Fermatean fuzzy initial decision matrix IDM-3
Alternative/Criteria Cc1 Cc2 C3 c4 C5
Criteria type Cost Benefit Cost Benefit Benefit
Al (0.1,0.9) (0.1,0.9) (0.1,0.9) (0.1,0.9) (0.1,0.9)
A2 (0.3,0.7) (0.3,0.7) (0.3,0.7) (0.3,0.7) (0.3,0.7)
A3 (0.7,0.3) (0.7,0.3) (0.7,0.3) (0.7,0.3) (0.7,0.3)
A4 (0.9,0.1) (0.9,0.1) (0.9,0.1) (0.9,0.1) (0.9,0.1)

In the following text, the mentioned scenarios will be implemented in the proposed FF-RAWEC

method and the application steps will be shown.

3.1. Scenario 1

Given that Fermatean fuzzy IDM-1 (all criteria are of Benefit type) is presented in Table 1, we

move on to the second step of applying the method.

Step 2 — Applying Eq. (12), double normalization of elements of Fermatean fuzzy IDM is

performed (Table 4):

Table 4
Fermatean fuzzy normalized initial decision matrix IDM-1
Ai/Cj C1 Cc2 Cc3 Cca C5 C1 Cc2 C3 Cca C5
FFn; FFn,

Al (0.9,0.1) (0.9,0.1) (0.9,0.1) (0.9,0.1) (0.9,0.1) (0.1,09) (0.1,09) (0.1,0.9) (0.1,0.9) (0.1,0.9)
A2 (0.7,03) (0.7,0.3) (0.7,0.3) (0.7,0.3) (0.7,03) (0.3,0.7) (0.3,0.7) (0.3,0.7) (0.3,0.7) (0.3,0.7)
A3 (0.3,0.7) (0.3,07) (0.3,0.7) (0.3,0.7) (0.3,0.7) (0.7,0.3) (0.7,0.3) (0.7,0.3) (0.7,0.3) (0.7,0.3)
A4 (0.1,09) (0.1,0.9) (0.1,0.9) (0.1,0.9) (0.1,0.9) (0.9,0.1) (0.9,0.1) (0.9,0.1) (0.9,0.1) (0.9,0.1)

Step 3 — After obtaining the normalized values of IDM-1, using Eqgs. (14)-(15), the elements of the
Fermatean fuzzy deviation matrix are calculated (Table 5):

Table 5
Fermatean fuzzy deviation matrix
Ai/Cj C1 Cc2 Cc3 c4 C5 C1 Cc2 C3 c4 C5
FF S, FFS,

Al (0.39,1) (0.39,1) (0.39,1) (0.39,1) (0.39,1) (0.91,0.92) (0.91,0.92) (0.91,0.92) (0.91,0.92) (0.91,0.92)
A2 (0.58,1) (0.58,1) (0.58,1) (0.58,1) (0.58,1) (0.8,097)  (0.8,0.97)  (0.8,0.97)  (0.8,0.97)  (0.8,0.97)
A3 (0.8,0.97) (0.8,0.97) (0.8,097) (0.8,0.97)  (0.8,0.97) (0.58,1) (0.58,1) (0.58,1) (0.58,1) (0.58,1)
Ad (0.91,0.92) (0.91,0.92) (0.91,0.92) (0.91,0.92) (0.91,0.92) (0.39,1) (0.39,1) (0.39,1) (0.39,1) (0.39,1)

Step 4 — Then, the values of the method are calculated, using Egs. (2) and (16), and the values
and ranking of the alternatives are presented in Table 6:

Table 6
The values of the method and ranking of the alternatives for IDM-1
Qi Rank
Al 1.456 1
A2 0.632 2
A3 -0.632 3
A4 -1.456 4
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The ranking of the alternatives that was obtained is expected, considering the way in which the
IDM was formed, which indicates the correctness of the method.

3.2. Scenario 2 and 3

By implementing the Fermatean fuzzy IDM-2 (all criteria are of Cost type — Table 2) and IDM-3
(some criteria are Benefit and some of them are Cost type — Table 3), in the FF-RAWEC method,
according to the same principle as in Scenario 1, the following values of the method and the ranking
of the alternatives are obtained (Table 7):

Table 7
The values of the method and ranking of the alternatives for IDM-2
Qi Rank Qi Rank
IDM-2 IDM-3

Al 1.456 1 1.456 1
A2 0.190 2 0.541 2
A3 -0.091 3 -0.442 3
Ad -0.232 4 -0.841 4

As with Scenario 1, in these two scenarios, the correctness of the method was proven. In order
to check the validity of the method, a comparative analysis was carried out, and the results obtained
are shown in the rest of the text.

4. Comparative Analysis

In order to compare the obtained results with the results of other methods, when the same data
are used as input, i.e. the same initial decision matrix with the same weight coefficients of the criteria,
a comparative analysis [21] was performed in relation to six other Fermatean Fuzzy methodologies
and methods: Fermatean Fuzzy Weighted Average (FFWA), Fermatean Fuzzy Weighted Geometric
(FFWG), Fermatean Fuzzy Weighted Power Average (FFWPA) and Fermatean Fuzzy Weighted Power
Geometric (FFWPG), Fermatean Fuzzy Weighted Product Method (FF-WPM), and Fermatean Fuzzy
Combinative Distance-based Assessment (FF-CODAS). Four Fermatean fuzzy methodologies are
presented in [19], where the authors deal with the improvement of the decision-making process in
conditions of uncertainty through the application of Fermatean fuzzy sets, introducing four new
aggregation operators: FFWA, FFWG, FFWPA and FFWPG. These operators enable a more flexible
and precise aggregation of information in multi-criteria decision making (MCDM), and the authors
analyze in detail their mathematical properties and correctness conditions. The effectiveness of the
proposed approach is demonstrated through a case study of choosing a site for building a house, thus
confirming its practical applicability. The introduction of three new mathematical operations -
subtraction, division and arithmetic mean - over Fermatean fuzzy numbers, which expands the
theoretical framework for working with uncertain information, is presented in [20]. Based on these
operations, the FF-WPM method was developed, which is used to solve the multi-criteria decision-
making problem. The effectiveness of the proposed model is demonstrated through the example of
choosing the most suitable method for bridge construction, thus confirming its practical applicability
in engineering decision-making. The authors in [22] focus on solving the smartphone brand selection
problem, and in this context, apply the FF-CODAS method to more accurately express subjective
ratings and rank alternatives based on their distance from the negative ideal. The results show that
FF-CODAS provides stable, robust and consistent decision making, which is confirmed by sensitivity
analysis and comparison with other MCDM methods.
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The application of the proposed FF-RAWEC method to decision-making problems and examples
in the previously mentioned researches, in comparison with the original methods and
methodologies, are presented in Table 8.

Table 8
Comparative analysis

FF-RAWEC  FF-CODAS[22]  FF-RAWEC FFWA[19] FFWG[19] FFWPA[19] FFWPG[19] FF-WPM [20]

9 3 1 2 2 2 2 1
3 4 4 4 4 4 4 3
2 2 2 1 1 1 1 2
1 1 3 3 3 3 3 4
5 11

6 6

9 7

8 10

12 9

7 8

13 13

14 14

11 12

4 5

Applying the Pearson's correlation coefficient [23], the following correlation values of the FF-
RAWEC method are obtained in relation to the ranks obtained in the above studies (Figure 2):

FF CODAS

0.793949677

FF WPM FFWA
08 0.8

0.8 0.8
FFWPG FFWG

FFWPA
Fig. 2. Pearson's correlation coefficient values

Given that this is a strong correlation of ranks [24], it can be concluded that the method is valid.
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5. Sensitivity Analysis

Different approaches of sensitivity analysis have been presented in different studies [25-27].
Sensitivity analysis was conducted on the changes in criterion weights in the smartphone brand
selection problem [22]. The initial decision matrix in this research is presented in Table 9.

Table 9
Fermatean fuzzy initial matrix [22]
Ai/Cj C1 Cc2 C3 c4 Cc5 C6 Cc7
Al (0.68,0.23) (0.73,0.19) (0.75,0.17) (0.73,0.19) (0.74,0.17) (0.75,0.17) (0.77,0.17)
A2 (0.59,0.33)  (0.67,0.24)  (0.69,0.21)  (0.69,0.23)  (0.72,0.20)  (0.69,0.24)  (0.72,0.19)
A3 (0.71,0.21)  (0.78,0.16)  (0.78,0.15)  (0.76,0.17)  (0.79,0.14) (0.8,0.14)  (0.79,0.14)
A4 (0.80,0.17)  (0.83,0.13)  (0.85,0.13)  (0.81,0.14)  (0.82,0.13)  (0.85,0.12)  (0.85,0.13)
A5 (0.61,0.30) (0.69,0.23) (0.66,0.24) (0.65,0.25) (0.71,0.212) (0.69,0.22) (0.69,0.22)
A6 (0.60,0.30) (0.68,0.22) (0.66,0.24) (0.63,0.27) (0.68,0.23) (0.69,0.21) (0.70,0.21)
A7 (0.47,0.42) (0.56,0.34) (0.54,0.36) (0.55,0.35) (0.54,0.37) (0.57,0.33) (0.55,0.34)
A8 (0.46,0.43) (0.56,0.34) (0.57,0.33) (0.53,0.37) (0.57,0.33) (0.59,0.31) (0.57,0.33)
A9 (0.49,0.40)  (0.55,0.35)  (0.52,0.37)  (0.51,0.38)  (0.53,0.37)  (0.51,0.38)  (0.50,0.39)
A10 (0.55,0.35)  (0.55,0.35)  (0.58,0.33)  (0.57,0.32)  (0.58,0.32)  (0.64,0.26)  (0.59,0.31)
A1l (0.49,0.39)  (0.55,0.36)  (0.51,0.40)  (0.47,0.42)  (0.50,0.40)  (0.53,0.36)  (0.53,0.36)
A12 (0.35,0.53)  (0.44,0.46)  (0.42,0.48)  (0.46,0.45)  (0.47,0.44)  (0.46,0.43)  (0.44,0.46)
Al3 (0.47,0.42) (0.53,0.38) (0.51,0.40) (0.44,0.45) (0.53,0.37) (0.60,0.29) (0.55,0.35)
Al4 (0.58,0.32) (0.68,0.22) (0.68,0.22) (0.64,0.25) (0.69,0.21) (0.68,0.22) (0.69,0.21)

For the purposes of this analysis, weight change scenarios were created (Figure 3), which were
then applied in the FF-RAWEC method.

1.2
N B " BB B W
]
‘A B o B -
-1 KB
. _
0

S1 S2 S3 S4 S5 S6 S7 S8

HCl mC2 mC3 mC4 mC5 mCe6 mC7

Fig. 3. Scenarios of changes in weight coefficients of criteria

The first scenario represents the existing ranking with defined criteria weights from the research
(for comparison). In scenarios S2-S7, part of the value was subtracted from the most significant, and
then from the next criterion in terms of importance, and allocated equally to the others. In scenario
S8, all criteria have equal value. By applying the criteria weights change scenarios (Figure 3) in the FF-
RAWEC method, the following alternative rankings are obtained (Table 10):

154



Journal of Soft Computing and Decision Analytics
Volume 3, Issue 1 (2025) 146-157

Table 10
Sensitivity analysis
S1 S2 S3 S4 S5 S6 S7 S8
Al 9 9 9 9 7 5 3 9
A2 3 3 3 3 3 1 10 3
A3 2 2 2 2 2 2 13 2
Ad 1 1 1 1 1 10 14 1
A5 5 5 5 5 5 8 12 5
A6 6 6 6 6 6 9 11 6
A7 9 9 9 9 7 5 3 9
A8 8 8 8 8 9 7 2 8
A9 12 12 13 12 11 12 6 12
Al10 7 7 7 7 10 11 8 7
All 13 13 12 13 12 13 7 13
Al2 14 14 14 14 13 4 1 14
Al3 11 11 11 11 14 14 5 11
Al4 4 4 4 4 4 3 9 4

As can be concluded from Table 10, the method is sensitive exclusively to larger weight changes,
as well as in cases where decisions are made based on one or two criteria, that is, when the values
of all other criteria are reduced to an insignificant value. When analyzing the initial decision matrix
(Table 9), for criterion C1, which is of the Cost type, from the research [22], in scenario S7, where a
decision is made only on the basis of this criterion, so it is the simplest to perform the analysis, it is
clear that this criterion has the lowest value according to alternative A12, and considering that it is a
Cost criterion, it is imposed that this is the optimal alternative. Based on all the above, it can be
concluded that the FF-RAWEC method gives consistent results and is not sensitive to minor changes
in the weighting coefficients of the criteria.

5. Conclusions

MCDM methods are a key tool in the analysis of complex decision-making problems, namely in
situations where it is necessary to simultaneously consider several different criteria on the basis of
which alternatives are considered. Their application enables rational and transparent decision-
making, which makes them indispensable in the decision-making process. The improvement of
existing methods in various areas that well treat imprecision and incomplete data, enable these
methods to make decisions under conditions of uncertainty.

In this paper, a modification and improvement of the RAWEC method using Fermatean fuzzy
numbers was performed. Based on the presented results and the conducted analyses, it can be
concluded that the modified FF-RAWEC method represents a significant contribution to the field of
MCDM. The paper presents in detail the mathematical basis of the method, including all necessary
computational operations, which enables its application in various decision-making contexts.
Through three different scenarios —when all criteria are of the Benefit type, all criteria are of the Cost
type, as well as when the criteria are of the mixed type —the flexibility and applicability of the method
is demonstrated.

Numerical examples clearly show how the method works in practice, while the performed
sensitivity analysis confirms its stability. Namely, the results of the method remain consistent even
with minor changes in the weight coefficients of the criteria, which indicates the robustness of the
FF-RAWEC approach. Additionally, a comparative analysis with other methods in different decision-
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making problems from the literature shows a high correlation of ranks, which additionally confirms
the validity and reliability of the proposed method.

All of the above points to the fact that the FF-RAWEC method not only successfully integrates the
advantages of Fermatean fuzzy numbers into the decision-making process, but also provides stable
and reliable results under different conditions. This method can be particularly useful in situations
where it is necessary to make decisions based on uncertain, imprecise or subjective information,
which is often the case in real decision-making problems. Future research can be directed towards
further application of the method in specific engineering and social contexts, as well as towards its
extension through integration with other theories in a hybrid model.
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